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ARGENTINA WHEAT YIELD MODELS 


by 


Susan L. Callis 
and 

Clarence Sakamoto 


AISC Models Branch 


January 16, 1984 


INTRODUCTION 


The purpose of this study was to select monthly weather variables that could 
be used in models to predict wheat yields for the five main wheat-growing pro- 
vinces of Argentina: Buenos Aires, Cordoba, Entre Rios, La Pampa and Santa Fe 

(see Figure 1). Each province was treated as a separate entity. 

Most of Argentina's wheat-growing area is located in a humid subtropical 
climate known as the Pampa Humida. High temperatures in the winter can have an 
adverse effect on the wheat yield in the northern sections. Excessive rainfall 
in Entre Rios, where annual rainfall ranges from 900 to 1100 mm, can also be a 
problem during the growing season. The western edge of the wheat area, however, 
is semi -arid with warm to hot summers. There, drought and high temperatures 
can be a problem during the growing season. 

Wheat is planted from early May through July. Harvest is generally from 
November through January. 

METHOD 

Three indices representing available soil moisture, monthly precipitation, 
and monthly maximum temperature (Sakamoto, 1976) were used in multiple 
regression models. They include: monthly Z-index, ET (evapotranspiration) 

minus ET (climatically appropriate evapotranspiration), and precipitation 
minus PET (potential evapotranspiration). Terms are defined in the Appendix. 
Large positive Z-index, P-PET, and ET-ET values suggest wet conditions. 

The regression equation is: 

A A 

Y " OC + BjT + B 2 TXi + B 3 R-j + B 4Zi + B& (p-PET)i + B 6 (ET-ET) j + E 

A 

Y = Estimated yield, 


where 
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Figure 1. 


Density of area sown to wheat in Argentina, 1971-72. 
(Total area in wheat: 4,986,000 ha) 
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oc = Constant, 

Bj = Coefficients of the variables j = 1-6, 
T = Trend, 

TX-j = Maximum temperature for month i, 

Ri = Total precipitation for month i, 

Zi = Z-index for month i, 

(P-PET)-j = Precipitation minus PET for month i. 


A A A _ — 

(ET-ET)-j = ET minus ET for month i, where ET = K • PET and K = ET/PET, 

and 

E = Unexplained error. 

Separate data sets were used for each province. Variables tried and 
selected for each model differed according to the climate and agricultural 
practices of each province. Buenos Aires was the only province for which a 
trend variable was included. 

In developing the models, various procedures of the Statistical Analysis 
System (SAS Institute Inc., 1979) were used. The procedures used and the 
operations performed with each are listed in the Appendix. Combina .ons 
of variables with the highest r 2 which included variables significant at 
(or close to) the 10 percent level and those agronomically meaningful were 
chosen for the models. 


DATA 


The Argentina crop data were obtained through the Latin American Branch of 

the Economic Research Service of the United States Department of Agriculture 

(M. Mielke, personal communication, 1980. The crop data set used was set up 
« 

with the year of yield as the year of harvest. The growing season in Argentina 
may extend into January of the following year before harvest begins. Our 
interest is in the year of planting and when the weather impacts the crop, 
which in this case would be year-1. 
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Meteorological data were prepared using several different sources, 
including Monthly Climatic Data for the World and the Servicio Meteorological 
Nacional in Argentina (R.E. Jensen, C.M. Sakamoto and S.E. Mummert; August 1974). 
The years between 1950 and 1970 were used to model since the greatest number of 
stations had the most complete meteorological data for these years. From a 
general meteorological data file of Argentina stations, separate data sets were 
created for each of the five wheat provinces. Table 1 lists the stations and 
weights used to derive each meteorological data set. Groups of stations were 
weighted according to the contribution of their area to the country's wheat 
production. Figure 2 shows the location of each station. 

YIELD MODELS 

Buenos Aires 

A plot of yield vs. year for Buenos Aires reveals an increasing trend in 
technology from 1950 to about 1963 (see Figure 3). Therefore, a "trend 
variable" was chosen for this period. 

The model for Buenos Aires was one of the most difficult to define, 
probably because this province covers such a large territory. Plots of possible 
weather variables versus detrended yield did not indicate any significant 
linear relationships. Variables that one would be inclined to choose on the 
basis of crop calendar ar.d critical weather during growing season did not show 
strong correlations with yield. 

After trying many combinations of variables in regressions, the following 
model was selected: 

Linear Trend 1950-1963 * 


ETMETH4 April ET minus ET 

R7 July total precipitation 

ZINDEX8 August Z-index 

TX9 September average maximum temperature. 


The signs of the coefficients of the model seem reasonable. The negative 
coefficient in July indicates too much rain during planting has a negative 
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BUENOS AIRES 
Pergamino 
Junin 

San Miguel 
Buenos Aires 
Nueve de Julio 
Trenque Lauquen 
Las Flores 

Patagones 
Fortin Mercedes 
Tres Arroyas 
Trenque Lauquen 
Macachin 

Azul 

Tres Arroyas 
Balcarce 

CORDOBA 

Pilar 

Bell Ville 
Rio Cuarto 
Trenque Lauquen 

ENTRE RIOS 
La Paz 
Concordia 
Parana 
Las Delicias 
Victoria 

LA PAMPA 
Patagones 
Santa Rosa 
Macachin 
General Acha 
Fortin Mercedes 
Victorica 
Trenque Lauquen 

S ANTA FE 
Ceres 
Esperanza 
Angel Gallardo 
Bell Ville 

Bell Ville 
Rosario 
Casilda 
Pergamino 


Averaged and weighted 25% 


Averaged and weighted 55% 


Averaged and weighted 20% 


Averaged 


Averaged 


Averaged 


Averaged and weighted 23% 


Averaged and weighted 77% 


Table 1. Meteorological Stations and Weights Used to 

Develop Regression Models for Argentina Wheat 
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Figure 2. Five major agricultural provinces in Argentina and 
locations of meteorological stations used in model 
development. 
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effect on yield. A large, positive Z-index in August during jointing is 
favorable to yield. High temperatures in September during heading reduce yield. 
The statistics of the selected model are summarized in Table 2. A plot of the 
model's predicted yields and the actual yields for 1950-1970 is shown in Fig""* 
4. 

Cordoba 

For Cordoba, plots of possible weather variables vs. yield showed that 1951 
was a "pivot point" in determining linear relationships for most of the 
variables. Since yield for 1951 was extremely low, it was decided to plot the 
variables without 1951. No improvements was seen; there were even fewer linear 
relationships. Therefore, it was decided to retain 1951. 

Initial variables were chosen on the basis of correlation with yield and 
were tried in regression equations. Models were tried with several combinations 
and squares of some of the variables. The following variables were significant 


as a model: 

A 

ETMETH5S May ET minus ET squared 

TX7 July average maximum temperature 

P-PET8 August precipitation minus PET 

ETMETH90S September-October average ET minus 

ET squared. 


The coefficient for ETMETH5S was negative, which reflects th- need for 
drier conditions at planting time. The coefficient for ETMETH90S was also 
negative. This reflects the detrimental effects of excessive spring rains. 

High temperatures at early growth (July) reduces yield; favorable rain after 
planting (August) helps the crop get a good start. The statistics of the 
selected model are summarized in Table 3. A plot of the model's predicted yields 
and the actual yields for 1950-1970 is shown in Figure 5. 

Entre Rios 

Entre Rios was similar to Buenos Aires in that plots of weather variables 
versus yield did not produce any obvious linear relationships or strong 



correlations. Regression equations containing moisture variables consistently 
produced negative coefficients for August through November. This can be 
explained agronomical ly by the fact that Entre Rios is a very humid province 
with a high annual rainfall. Rainfall greater than the normal expected value 
produces disease and fungus problems, thereby reducing yield. 

Working with variables chosen on the basis of correlation with yield failed 
to produce satisfactory results. Therefore, a mechanical process using SAS 
procedures was used to narrow down possible variables. The best model obtained 
was: 


ETMETH5 May ET minus ET 

R6 June total precipitation 

ZINDEX8 August Z index 

Rll November total precipitation. 


All coefficients were negative for June, August and November, indicating the 
less rain the better. The statistics of the selected model are summarized in 
Table 4. A plot of the model's predicted yields and the actual yields for 
1950-1970 is shown in Figure 6. 
la Pampa 

For La Pampa, a plot of yield vs. year showed 1965 yield to be extra- 
ordinarily high— so high as to be questionable. Correlations and plots of 
variables with yield were more favorable without 1965. Therefore, 1965 was 
eliminated from the model data set. The best model had the following 
variables: 


ETMETH4. April ET minus ET 

TX8 August average maximum temperature 

ETMETH9 September ET minus ET 

P-PET10 October precipitation minus PET 

P-PET11 November precipitation minus PET. 


The problem with this and the other favorable models is that the 
coefficient for ETMETH4 was always negative. This cannot be explained agro- 
nomically. Therefore, the model was tried in the regression eouation without 
ETHMETH4. The R2 was reduced, but all coefficients were reasonable. The 
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coefficient for the August variable was the only negative. The statistics 
of the selected model are summarized in Table 5. A plot of the model's 
predicted yields and the actual yields for 1950-1970 is shown in Figure 7. 

Santa Fe 

For Santa Fe, 1964 was a year of outstanding yield. Eliminating 1964 from 
the data set produced better plots and correlations of weather variables to 
yield. 

Santa Fe was the only province for wlmh a satisfactory model was not 
obtained. Several different approaches were taken to derive a reasonable model, 
but the only acceptable model was the following: 


ETMETH5 May ET minus El 

ETMETH7 July ET minus ET * 

ETMETH10 October ET minus El 

ETMETH11 November ET minus ET. 


In this model, ETMETH10 was significant only at the 20 percent level. It 
was decided to keep it in the model to reflect conditions at the critical heading 
period in October. In addition, thr r 2 for the model without ETMETH10 was 
lower. The only negative coefficient was for the November variable. This 
reflects the need for drier conditions at harvest time. The statistics of the 
selected model are summarized in Table 6. A plot of the model's predicted 
yields and the actual yields for 1950-1970 is shown in Figure 8. 

TEST RESULTS 

A bootstrap test was run on each model. In this test, the last year of the 
yield data set was left out and the model was used to predict yield for that 
year. This process was repeated for the number of years desired. In this case, 
the number of years used in the test for each province depended on the number 
of years with complete data. For Santa Fe this was nine years, for the other 
four provinces six. 

For Buenos Aires, Entre Rios, and La Pampa the bootstrap test adequately 
predicted yields for 1971 through 1 07 6. There were exceptions (a different 
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year in each case) where the difference between predicted and actual yield was 
rather large. For Cordoba, the model predicted yield accurately for three out 
of the six years and rather poorly for two of the years. In 1972 there was a 
nine quintal per hectare difference between actual and predicted yield with the 
predicted yield the lower of the two. In that particular year the beginning 
of the growing season was extremely dry w’th increased moisture late in the 
season, enabling a come-back for the wheat. For Santa Fe, although the model 
showed actual and predicted yields running fairly close for the modeling years, 
the bootstrap test failed to predict within five quintals seven of the eight 
test years. Bootstrap results and plots of model results are p. inted beginning 
on page 15. 
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APPENDIX 

Definition of Variables 

Three types of indices were used to measure amount of moisture available 
for plant growth. The first, P-PET, is a measure of precipitation minus 
potential evapotranspi ration. Potential evapotranspiration is determined by 
the procedures developed by Thornthwaite (1948). It requires temperature only: 



where I = heat index, which is the sum of the 12 monthly indices i. 



T = monthly temperature in °C, and 

a = an empirical exponent = 6.75 x 10 _ ^I^ - 7.71 x 10"^I^ + 1.79 x 10“^I 
+ 0.49. 

The duration of daylight is used to adjust potential evapotranspiration as a 
portion of 12 hours. 

The second index, Z index, is derived by an algorithm using monthly 
temperature and precipitation and is defined as 
Z = dk 

A 

where d = P - P £ is the observed precipitation 

P is the climatically appropriate precipitation and is 
equal to ET + R + RO + L. 

A A A A 

Evapotranspiration ET, recharge R, runoff RO, and loss L are obtained by 
multiplying each of their respective potential values (PET, PR, PRO, PL) by 
the coefficient which is the ratio of their average values to their average 
potential values; that is, o c= ET/PET, $= R/PR, Y = RO/PRO, and O - L/PL. 
Climatically appropriate evapotranspiration, recharge, runoff, and loss are 
then determined as ET = (X-PET; R = (3 • PR; RO = Y • PRO; and L = cf • PL. 
Recharge, runoff, and loss are determined by a hydrologic procedure developed 
by Palmer (1965) . 

A 

The third index is the difference between ET and ET. Soil moisture 
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depletion is based on evapotranspiration (ET) estimates, determined as follows: 


(ET) n = (il-i [ { " (P) r l *+ (P) r ] 

Aw: 

where 

( ET ) n = "Actual" evapotranspiration, 

(S)n-l = Available moisture at end of n-1 month, 

AWC = Maximum water holding capacity, 

(P) n = Precipitation for month n, and 
( PET ) n = Potential evapotranspiration for month n. 

ET - ET measures the difference between the actual evapotranspiration and the 
"climatically appropriate" evapotranspiration, and hence gives an indication 
of soil moisture supply and demand. 


Statistical Analysis System Procedures Used 


PROC CORR 

PROC PLOT 
PROC STEPWISE 


PROC STEPWISE FORWARD 


PROC STEPWISE BACKWARD 


PROC STEPWISE STEPWISE 


Computes correlation coefficients between 
variables, including Pearson product-moment and 
weighted product-moment correlation. 

Graphs one variable against another, producing 
a printer plot. 

Provides five methods for stepwise regression. 
Stepwise is useful when selecting variables to 
be included in a regression model from a 
collection of independent variables. 

Begins by finding the one-variable model that 
produces the highest R 2 . For each of the other 
independent variables, FORWARD calculates F- 
statistics reflecting the contribution to the 
model if the variables were to be included. 

Begins by calculating statistics for a model 
including all the independent variables. The 
variables are deleted from the model one by 
one until all the remaining variables produce 
F-statistics significant at the .10 level. 

The stepwise method is a modification of the 
forward selection technique, and differs in 
that variables already in the model do not 
necessarily stay there. After a variable is 
added {as in the forward selection method) the 
stepwise method looks at all the variables 
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already included in the model and deletes any 
variable that does not produce an F-statistic 
significant at the .10 level. Only after this 
check is made and the necessary deletions 
accomplished can another variable be added to 
the model. 

PROC STEPWISE MAXR (Maximum R 2 improvement) Unlike the three 

techniques above, this method does not settle 
on a single method. Instead it looks for the 
"best" two-variable model, the "best" three 
variable model, and so forth. 

PROC PETM Uses latitude and mean monthly temperatures to 

calculate Thornthwaite's potential evapo- 
transpiration for each month. 

PROC ZINDEX Uses monthly PET's, precipitation, SS 

(beginning moisture in surface layer), AWCS 
(available water capacity in surface layer), 

SU (beginning moisture in the underlying layer), 
and AWCU (available water capacity in the 
underlying layer) to calculate Palmer’s soij 
moisture budget, drought index Z, ET, and ET. 




> 

o 

Z 

>- 

4 

o 

VI 

Ul 

z 

o 

hJ 

3 

m 


4+J 


U 


U 

—40'* | 

A 

o 

A 

oonoH • 

8) 

o 

CD 

OOOO—I I 

o 

o 

O 

OOOOO | 

a 

• 

Qr 

• • * • • 1 

a. 

o 

a 

OOOOO 1 
1 
1 

u 

v£) 

u 

1 

1 

• 

mCTD—lfi 1 


(Vi 


(7'^0-*(VJ 1 


• 


• • • • • 1 




oco(vima> i 


(VI 


r>4— rvi i 


ORIGINAL r* 
OF POOR QUALu% 


' i 



UJ 





• 

1 




r 

*-« 





1 





V 





| 



1 

u. 






| 



t 


u> 





1 




H 


® 

UJ 

m— 

in 

vOoO'inO' i 





a 

o 

a 

— •CVI 

V) 

ON4CCI 1 


. 

j 

CD 

< 

o 

< 

r^oi 


ono'ino' i 


CO 

i 


— • 

o 


*>f- 

•— « 

\0O44—» 1 


Q> 


> 

a 

o 

o 

orvj 

*— i 

meootmn i 


u 



4 

o 

V) 

r-in 


4o4in® • 


•ri 

•! 

ID 

> 

■3 


O O' 

Ui 

— OON IT 1 






•>% 

z 


a 

*ouvomtn i 


ao 

\ 


»- 

• 

4 

• • 

>- 

• • • • • i 


o 



z 

0 

UJ 

lOC 

»- 

4<DCT'C0<C | 


c 


ID 

Ul 

o 


2 



(vm — i 

i 


<u 

83 

i 

i 


z 





i 





Ui 





i 


U* 

4 

ID 

a 





i 


O 

: 


Ul 

it 




i 




>- 

o 





i 


0) 

O 

1 







i 


c 


-T 

a 

a 




i 



» 


o 

— 




i 


> 

i 

< 

ti- 

u 

If) 

moo— 

or 

O' (1)004 1 


O 

Li 

: 




UJ 

vO—CE 

o 

401/140- 1 


Cu 

' 


ll 


dr 

tnxm 

a 

-C*-C» 1 



i 


a 


4 

*>XITI 

X 

>--.»» 1 


u 


<t 

r> 


D 

m—m 

UJ 

o'^omooin i 


o 

<■' 


o 


O 

in 


aoO'—«oo • 

• 

*4-1 



uj 


in 

mrvi«o 

o 

4H-CIT 1 

-1 

H 

; 


».» 



100*4 

1- 

0000—1 1 

UJ 

0) 

* 

J 

o 

—* 

u 

• • • 

in 

• • • • • 1 

> 

•o 

» 


Q. 

o 

o 

4'hO 


OOOOO 1 

UJ 

O 


< 

a 

*» 


CO— O' 


1 

_l 

2E 

[ 



n 

X 



1 


\H 

t 

O 

z 

n 

z> 



1 

O 

o 

„ 


c 

«c 

(/! 



1 

o 



H 


r- 




1 

o 

w 

) 


»- 

CD 




1 


o 

1 > 

K 

4 

• 




1 

• 


\ 


z 

O 




1 

o 

ID 

„ i 

CD 

— 





1 


vC 

i 


z 

II 




1 

UJ 

4J 

i 

fr-4 

►-4 




liJ 

inor-iOcroo i 

z 

Q 

» i 

j 


_l 

u- 



o 

4*04410 1 

K 

♦— 

CD 


K 

Ui 

a 



-1 

Nommocorvi i 



1 



<r 



4 

ininmtvjmin i 

K 



< 

Q 

=5 



> 

*ir. \jm>04 i 

4 

• 

i 


or 

o 




lOfUXO'CVJM 1 


CM 

i 

1- 

< 

*/> 




insNonn i 

1- 

CD 

i 


y 


u 

intro 


(MVIM004 1 

z 

H 

i 

CD 

sc 

Or 

c 



• ••••• 1 

4 

.O 

1 


o 





OOOOOO 1 

u 

(0 



< 





(U III 

— 

H 



00 





1 

u 


1 

I 


z 

o 

M 

IT 


o 


i 


i 

Ui 


i 

UJ 

t 

a 

Z 

i 

a: 

f 

UJ 

c 

i- i 

4 

i 

»- 

•— 

a. i 



z 

in 

Ul 4 ® 1 

_J 

i 

Ul 

in 

U I x I 

UJ 

i 


MQT_J 

oral- uj i 

o 

i 

j 

in 

u'C« 

UJZU< C 1 

c 


u 

oari- 

l-UJX Z(J 1 

T 

{ 


iijtrc 

zai-f^—x i 


j 

X 

oruji- 

*-i-ujo:mi- i 

UJ 

’ J 

4 


i 

X 


►— 


i 

h- 

\ ! 

or 


i 


i i 

4 


i 

z 

> 


• 

•— 1 

i ! 

_J 


i 

i 

m 

is 

-1 


i 

UJ 

61 

4 

— 

i 

-J __ 

V 



c 

z 


M 


V 



u 

IT. 

u 

f-4<VfV | 


4 



A 

O 

A 

000 4 4 1 


O 



CD 

o 

tE 

(MOC 1 


in 



C 

o 

C 

OCCO | 


UJ 



a 

• 

a 

• • • • 1 


z 



a 

o 

a 

OOOO 1 


c 






1 


UJ 






1 


X 






1 


c 






1 

1 


4 



u 


u 

OOOO I 


•• 




— 


nn-—- < i 






• 


• • • • i 






O' 


mn— i 








— — | 
1 



o 





1 

I 



_» 





1 



UJ 





1 


x 

— 





1 



> 





1 


u 






1 



UJ 





1 


►- 

-1 

o 

UJ 

4 — 

in 

nr\j—r\j i 



cc 

o 

a 

SC — 

m 

rrr>c— i 



4 

o 

4 

— n 


O— >04 1 



— 

o 

3 

40> 

#— « 

O'— "O— < 1 


> 

a 

o 

O 

N ^ 


iroo'i*- i 



4 

o 

in 

r-r- 


nrv'COC' i 


in 

> 

o 


r-<c 

UJ 

— >o— n i 




o 

z 

invo 

a. 

— c-O'O' i 



K 

• 

4 

• • 

> 

• • • • i 



z 

IT 

UJ 

nn 

i- 

tvmoc i 


in 

UJ 


X 

n 


—44 1 



o 





1 


►-* 

z 





1 



UJ 





1 


in 

a 





1 



UJ 

II 




1 


>- 

o 





1 








1 



a 

a. 




1 



o 





1 


< 

u 

o 

in 

>0004 

a 

oi'-4r- i 





UJ 

nr-— < 

o 

ooscnco i 


z 

UJ 


a 

A* J'A- 

a 

m— z i 



X 


4 

non 

X 

ccmj i 


< 

3 


3 

(JOO 

UJ 

— 4) —O' 1 



O 


O 

omn 


cr-O'ftJ • 

• 


UJ 


in 

H(J>0 

c 

— tvo 1 

_J 


o 



1’iC'n 

1- 

OMOC 1 

UJ 


o 

n 

u 

• • • 

in 

• • • • 1 

> 


a; 

& 

o 

4 eon 


OOOO 1 

UJ 

< 

a 

O' 


nmo 


1 

_J 



c 

X 



1 


o 

z 

CO 

3 



1 

o 


c 

4 

in 



1 

o 

M 

M 

o> 




1 

o 


»- 

<o 




1 

— 

»- 

4 

• 




1 

• 


Z 

o 




1 

o 

in 

— 





1 



X 

n 




1 

UJ 

— 

M 




UJ 

O' 104400 1 

X 


_J 

UJ 




mo'O'Orvj i 

K 

►- 

UJ 

a 



_i 

— <1-0 O' O' 1 




4 



4 

corunoru i 

1— 

4 

o 

3 



> 

040000 1 

4 


O' 

C 




OOTN 0 1 


t- 

4 

in 



CD 

n— <viO' cp i 

J- 


3t 


u 

4^0 


00400 1 

z 

i/) 

SC 

a 

o 



• • • • • i 

4 


u 





—OOOO 1 

o 


4 





CM 1 1 II 

— 


CD 





1 

u 


ORIGINAL. PAGE RJ 
OF POOR QUALITY 



z 

o 




i 

in 

o 


i 


UJ 


i 

UJ 

a 

Z 

i 

cr 

UJ 

O 

i- i 

4 

i- 

*-i 

a in in i 


z 

in 

uiin o i 

_J 

UJ 

in 

OX COO* 1 

UJ 


UJQT _J 

ai- i-i- i 

o 

in 

0rO4 

UJU' U'U! 1 

c 

ui 

oai- 

J-iMlI 1 

X 

_j 

u'crc 

7J-X' »- 1 


CD 

auji- 

— ‘UJ — Q- UJ 1 

UJ 

4 


1 

I 

«— 


1 

1- 

a 


1 


4 


1 

z 

> 


1 

ft 

— 



V 

i 

in 

-1 


i 

UI 

4 


i 

-i 


I 

I 



Table 3. Statistics of Model for Province of Cordoba 
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Figure 5. Province of Cordoba Wheat Model. 



0 alb m 


* St 

» 

U 

©rp^fn 

1 I 

i Or 

1 

o 

• 

A 

e-*xo 
«~XX 
oooo 
• • • • 

I a 

i 

e 

a 

ecco 

.<* 

•it ^ 

N 

u. 

N 

•# 

• 


xc j>od 
• • • • 


•X 




© 

JL 

nx 

s 

— $ o 

c 

a 

—» « ' 

s 


o 

<r 

>o 


0 

o 


r»r> 

to- 

-A>ce 

e 

c 

£' c 

to- 

XX XN 

© 

ir 

©IT 



© 


— <C 

ur 

©p*to-» 

e 

X 

©X 

a 

— ©tree 

• 

< 

• • 

> 

• • • • 

tr 


r*«V 

►* 

IT— ©IV 


u 

a 

u u 


X X 
n - 


4 

u. 

5J X 

x*<v j- 

© 

^NVO 1 




U 

XXIV 

w 

rTi'a: • 


? 

■»t 

y 

xr r 

■» 

r-rj i 



1 

* 

> 

X 



4 




UJ 




5 

-e 

t=> 


SUN t 

• 


w 

IT 


c 

acec i 



c 


xxr" 

►- 

CCCC 1 

u. 

•> 

c 

X -U. 

• • • 

IX 

• • • • 1 

> 


-i 

*s» ^ 

T«VT* 


©00 3 1 

‘4J 


a 

e r. 

trx© 


t 

• 

-J 


5 

rrs “ 



1 

c 


c 

x <s 



1 


«■» 

to— 

X 



1 



>- 

X 



1 


K 


• 



1 

• 


£ 

© 



1 


X 





' 1 

w 


_ u. 

U X 

9 3 

< o" 

“ u 
v o r 

o 

< 


U STS ,\.— 

r ,r **■ 
— • 

«i J* »■> Tr** - '* 
> j'r-i n r c 
- *- * 
r -.-v— — 
f^ccc 

— ~ T 7 F 


c 

u 

/V 

4 » 



u 

r 


to— 

to- 

0 

7 

V 

ux 

W 

tr 

u t — 

ur 

1 to. 

•/ 

ere 

u u 

U. 

C'iH* 

to-r 

«. 

uc c 

~ux 

X 

« 

c 

« 

> 

CL 

•-uai 


ORKMUL MGC ■ 
or POOR QUALITY 


'jf4! " *" 



Figure 6. Province of Entre Rios Wheat Model 
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Table 5. Statistics of Model for Province of La Panpa. 
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Table 6. Statistics of Model for Province of Santa Fe. 
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Figure 8. Province of Santa Fe Wheat Model, 
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Table 7. Results of Jackknife Test for Buenos Aires Wheat Model 
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Figure 9. Province of Buenos Aires Wheat Model. 
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Table 8. Results of Jackknife Test for Cordoba Wheat Model 




Figure 10. Province of Cordoba Wheat Model. 
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Table 10. Results of Jackknife Test for La Paapa Wheat Model. 
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Figure 12. Province of La Pampa Wheat Model 
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Table 11. Results of Jackknife Test for Santa Fe Wheat Model . 
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Figure 13. Province of Santa Fe Wheat Model 



